We evaluated, for the first time in Latin America, the performance of a commercial enzyme immunoassay (EIA) (Calypte Biomedical Corporation, Berkeley, Calif.) that detects human immunodeficiency virus type 1 (HIV-1)-specific antibodies in urine in comparison to standard serological assays (two commercial EIAs and a commercial Western blot [WB] assay). Paired serum and urine specimens were collected from two different groups of Brazilian patients: 225 drug users with unknown HIV status who attended drug treatment centers in Rio de Janeiro, Brazil, and 135 subjects with known HIV status. Patients showing positive results in the serum EIAs and/or in the urine EIA were serologically confirmed by WB assay. For 135 individuals with known HIV status, the urine EIA showed 100% sensitivity (74 positive samples) and 95.1% specificity (58 of 61 negative specimens). For 225 drug users, the test showed 100% sensitivity (2 positive samples) and 98.7% specificity (220 of 223 negative samples) compared to WB-confirmed serological EIA results. Thus, in a total of 360 samples, the urine EIA correctly identified all 76 HIV-positive samples and 278 of 284 negative samples (100% sensitivity and 97.9% specificity). Detailed analysis of the urine EIA results indicates that an increase of the recommended cutoff value might raise the specificity of the assay without affecting its sensitivity. Our results suggest that the HIV-1 urine EIA is a good screening test suitable for developing countries like Brazil. However, as for all other HIV screening tests on the market, it is not specific enough to be used as a one-step test and therefore requires confirmation.
Testing for human immunodeficiency virus (HIV)-specific antibodies continues to be the most important measure in diagnosis and epidemic surveillance of AIDS. Normally, antibodies are detected in serum or plasma samples. However, other body fluids, such as urine (3, 6, 7, 13, 14) and saliva (9, 10, 18) , may serve as alternatives to serum for HIV antibody detection. The advantages of the other body fluids lie in the safety and noninvasiveness with which they can be obtained, even in precarious settings by personnel with little or no training, thus reducing the risk of accidental infection and the costs involved in sample collection and testing. In addition, venipuncture is not easily accepted by injecting drug users (1), who are reminded of their experiences, and in populations where religious and/or cultural habits discourage the donation of blood.
Urine and saliva both contain detectable amounts of specific immunoglobulins of different classes. However, saliva presents the disadvantage that it needs special collection devices and cannot be easily obtained from children (8) . In this context, urine is particularly interesting, due to the ease of its collection without the need of special devices, as well as the absence of infectious virus particles (17) . There is therefore no risk of exposure for health care workers and laboratory staff, and the material involved can be disposed of as regular waste. The majority of the antibodies detectable in urine would be of the immunoglobulin A (IgA) isotype locally produced in the mucosa, but small amounts of IgG can also be found in urine, due to its extravasation from the serum into the mucosa (16) . In addition, it is well documented that urine is highly suitable for diagnosing a wide range of sexually transmitted diseases either by culture or by amplification techniques, such as PCR and the ligase chain reaction (1), thus making it a valuable specimen for multiple diagnoses. Nonetheless, to date the Brazilian Ministry of Health has not approved any antibody detection assay that uses saliva or urine as a specimen.
For any newly developed antibody detection assay, it is important to conduct a background evaluation study of the local population to assess specificity and to evaluate the cutoff values preset by the manufacturer. Normally, diagnostic tests are evaluated in developed countries by using samples locally obtained from well-defined populations in which major parasitic infections are absent. On the other hand, in developing countries, parasitic infections are frequent and lead, in conjunction with poor nutrition, to increased polyclonal antibody stimulation in the affected individual that can remain throughout life. The increase in nonspecific antibody titers can interfere with the performance of any antibody detection assay (22) . In addition, the performance of such assays is influenced by the fact that the genetic makeup of the major histocompatibility complex is population dependent (11) . As a consequence, the cutoff values established by the manufacturer should be reevaluated in different contexts and have to be adapted by receiver operating characteristics analysis. This was discussed by one of us (2) during an evaluation of the performance of commercial human T-cell lymphotrophic virus (HTLV) screening assays in Brazil. The authors showed that a simple recalculation of the cutoff value significantly improved the performance of one of the tests evaluated.
In order to address the performance and feasibility of a protocol using a urine assay in different settings, as well as to investigate the effects of population-dependent immune responses and HIV strain diversity, we carried out an evaluation of the Calypte (Berkeley, Calif.) HIV type 1 (HIV-1) urine enzyme immunoassay (EIA) using samples obtained in Brazil. The present study was designed to (i) evaluate the performance of the test with Brazilian patients with known HIV status and (ii) test the applicability of the kit for the screening of drug users with unknown HIV status recruited from drug treatment centers and taking part in a study of sexually transmitted and blood-borne infections (1). To our knowledge, the present study is the first evaluation of urine diagnosis of HIV in Latin America.
(The results of this study were presented in part as a poster at the XIIIth International Conference on AIDS in Durban, South Africa, in July 2000.)
MATERIALS AND METHODS
Study population and sample collection. Two groups of patients were enrolled in the study after providing informed consent. Group A consisted of 135 subjects with known HIV status who attended either the outpatient service at the Evandro Chagas Hospital or a church-sponsored hospice. Sixty-three of them were HIV-positive patients who were receiving regular treatment at the hospital, 11 were AIDS patients hospitalized at the hospice for treatment who presented viral loads of more than 10,000 virus particles/ml, and 61 were either healthy students or volunteers from among the hospital staff or patients who were being treated for other tropical diseases (e.g., leishmaniasis, paracoccidoidomycosis, or tuberculosis) but were negative for HIV.
Group B included 225 drug users recruited from drug treatment centers in Rio de Janeiro and taking part in a study addressing the relationship between sexual and drug-taking behavior and infection rates for HIV and other blood-borne and sexually transmitted infections (1) . At the time of sample collection, the participants also answered a detailed questionnaire. Twenty-four patients (among 225) reported a lifetime history of drug injection, of whom 8 had injected drugs during the 6 months preceding the interview.
Paired urine and serum samples were collected from all participants. Serum samples were stored atϪ20°C until use. Urine was kept at ϩ4°C, without the addition of any preservative, until testing was performed within 24 h after collection.
Urinalysis. The commercial HIV-1 urine EIA (Calypte Biomedical Corporation) contains a recombinant envelope protein (gp160) of HIV-1 adsorbed to the insides of the wells of a microtiter plate. In accordance with the instructions supplied with the test, 200 l of chemically unpreserved and uncentrifuged urine was added to 25 l of proprietary sample buffer in the wells of the plate. After incubation for 60 min at 37°C, the wells were washed and a goat anti-human immunoglobulin-alkaline phosphatase conjugate was added and incubated for another hour at 37°C. After an additional wash step, the immune complexes were detected by adding p-nitrophenylphosphate. The reaction was stopped after 30 min at 37°C by EDTA addition and the results were read at 405 nm on a 3550-UV microplate reader (Bio-rad, Richmond, Calif.), Cutoff values were determined by adding the constant 0.180 to the average absorbance value of a triplicate analysis of a single negative control supplied with the assay. Samples with absorbance values less than the cutoff were considered negative. Samples with values equal to or greater than the cutoff were considered initially reactive and were retested in duplicate.
In order to address interassay variability, samples from a proficiency panel provided by the manufacturer were included in each run.
Serology. Sera were tested by using the HIV-1/-2 Ab capture EIA (Ortho Diagnostic Systems, Raritan, N.J.) (Ortho EIA) and the Vironostika HIV UniForm II Plus O (Organon Teknika BV, Boxtel, The Netherlands) (Organon EIA). The Ortho EIA employs as antigens a mixture of two recombinant envelope proteins and one recombinant core protein from HIV-1 plus one recombinant HIV-2 envelope protein. The Organon EIA utilizes a mixture of HIV-1 antigens (p24, gp160, and the ANT70 peptide) and a peptide derived from the envelope protein of HIV-2 (amino acids 592 to 603). The results were confirmed by a laboratory different from the one that evaluated the urine EIA (MGM at the Department of Immunology, IOC, FIOCRUZ) using a Western blot (WB) assay (Cambridge Biotech Co., Worcester, Mass.). All assays were carried out strictly following the instructions supplied by the manufacturers. All serological tests employed in this study are dual-detection assays. However, to date, no HIV-2 has been reported in Brazil (4, 5, 12) .
Diagnostic procedure. At the time of sample testing, the investigators were unaware of the HIV status of the participants. Participants from group B had their sera simultaneously tested by the Ortho EIA and the Organon EIA. For economic reasons, patients with well-documented HIV status (group A) had their serum samples analyzed with the Ortho EIA only. Urine samples of all participants were screened by the urine EIA. Samples initially reactive with any of the EIAs were retested in duplicate. Samples repeatedly reactive in either of the serum EIAs and/or in the urine EIA were serologically confirmed by WB assay.
Data analysis and statistical procedures. Data were entered into two spreadsheets. Group B patients were recruited by an epidemiological study, and their demographic, sociobehavioral, and laboratory data were analyzed as described by Bastos et al. (1) . For group A patients, only descriptive statistics were provided.
Laboratory data were processed using an Excel spreadsheet and the SPSS statistical software package, generating graphics and test performance results. The analyses are descriptive, and no statistical test was performed for this study.
RESULTS
The results of the present study are summarized in Tables 1  and 2 and Fig. 1 . Of 135 subjects with known HIV status (group A), the urine EIA correctly identified all 74 HIVpositive and 58 out of 61 HIV-negative subjects. Three subjects with EIA-positive urine samples were serologically negative, both by the Ortho EIA and the WB assay, although one serum reacted with the p24 band.
Of 225 drug users (group B), 2 patients were found to be positive in all serological assays (Ortho EIA, Organon EIA, and WB assay) and the urine EIA (prevalence, 0.9%), and 214 patients were negative in all assays employed. Of the remaining nine subjects, three were positive by the urine EIA only and six were positive by the Organon EIA only. All of them were negative by the Ortho EIA and by WB assay, although five of the six Organon EIA-positive samples reacted with the p24 band. Thus, in a total of 360 samples, the urine EIA correctly identified 76 of 76 HIV-positive samples and 278 of 284 negative samples, giving an overall sensitivity of 100.0% and a specificity of 97.9%. Figure 1 shows the distribution of positive and negative urine samples and their respective absorbance values. To permit the comparison of results obtained on different days with different plates, the results were expressed as reactivity indices (RI) by dividing the absorbance values of the individual test results by the cutoff value of the respective plate. All samples obtained from HIV-infected subjects, but from only one of the uninfected subjects, showed RI greater than 1.5.
When the RI was calculated by dividing the absorbance value of an individual test result by the cutoff value of the assay ( Fig. 1) , six samples from negative group A patients showed RI values ranging from 1.1 to 1.9 in the urine EIA. On the other hand, with the exception of two samples (see below), urine from HIV-positive patients showed RI values higher than 11.0 (i.e., absorbance values greater than 3.500 (limit of the microplate reader) and cutoff values varying around 0.275).
In order to monitor assay performances over the study period, at least three out of five urine samples from a proficiency panel were included in each run. The panel consisted of three positive (high, medium, and low) and two negative samples. Analysis of the RI obtained for the proficiency panel and the positive and negative controls provided with the kit demonstrated a consistently high performance (data not shown).
DISCUSSION
In the present study, we evaluated the applicability of a HIV-1 EIA for urine samples as a screening assay in a group of 225 drug users recruited from drug treatment centers in Rio de Janeiro, Brazil. Due to the low prevalence of HIV infection in the study group (0.9%; 2 of 225), we also tested the diagnostic performance of the assay on samples obtained from 135 Brazilians with known HIV status (prevalence, 54.8%; 74 of 135). The urine test identified all 76 positive samples (sensitivity, 100%) and 278 of 284 negative samples (specificity, 97.9%).
Although to date HIV-2 has not been isolated in Brazil (4, 5, 12) , a large number of HIV-1 subtypes circulate in different parts of the country (15) . A diagnostic test suitable for Brazil should be able to detect antibodies against all circulating subtypes. The urine EIA employs the recombinant gp160 HIV-1 envelope protein as an antigen (21) . Our results show that the assay correctly identified all 76 HIV-positive samples tested, thus presenting a sensitivity of 100%. For 12 of these patients, HIV subtyping revealed the existence of the HIV-1 subtypes B (6 patients), BЉ (5 patients), and F (1 patient) in the study population (15) . Therefore, the urine EIA is capable of detecting antibodies to the major HIV-1 subtypes that circulate in the Brazilian population. When the abilities of certain commercial EIAs to detect HIV-specific antibodies in urine samples were evaluated, the urine EIA showed a sensitivity of 98.9% and a specificity of 94.2% (7) . In a larger validation study, Berrios and coauthors (3) reported a sensitivity and specificity of 100% for the urine EIA when the results were confirmed by a urine WB assay and a specificity of 95.2% for the unconfirmed urine EIA.
Urnovitz and others (19) focused on a detailed follow-up analysis of seven subjects who were repeatedly reactive in the experimental version of the urine EIA but were negative or indeterminate in the serum EIA and WB assay. The authors suggested that a compartmentalized response can in some cases result in the production of HIV-1 envelope antibodies detectable in urine but absent from serum. In two large-scale studies (20, 21) , the same authors reported urine-positive, serum-negative results for 1.3% of 11,896 individuals at different risks for HIV exposure, for 1.0% of 25,132 individuals at low risk, and for 10.8% of 859 individuals at high risk for HIV infection.
In the present study, the first to be carried out in Latin America, the urine EIA showed an overall specificity of 97.9% (278 of 284 samples). Although our study group was small, no false-negative results were obtained. The six patients who were considered false positive in the urine EIA were confirmed to be negative by WB serology. However, we cannot rule out the possibility that these six patients presented with a compartmentalized immune response, since IgA and IgG, the major isotypes that can be found in urine, would be detected by the anti-human immunoglobulin conjugate supplied with the urine EIA. However, at the time of the study we were unable to carry out isotyping or urine WB analysis of the fresh urine samples. Therefore, we assume that the six patients were false positive in the urine EIA.
Two urine samples obtained from HIV-infected group A patients gave results close to the cutoff value. One patient presented with the final stage of AIDS and suffered from multidrug-resistant tuberculosis. He died 1 month after sample collection. His urine gave an RI value of 1.5, which was consistent with his anergic status and low antibody titers due to immune suppression. The other patient presented an RI of 1.9. She was being treated on a combined regimen of zidovudine and lamivudine and presented at the time of sample collection with a completely controlled HIV infection, with an undetectable viral load and a CD4 count of 2,185. The high CD4 count associated with an undetectable viral load has been consistently maintained over the last 3 years, suggesting very low antigenic stimulation. We cannot exclude the possibility that the patient suffered from undetected urine infection at the time of sample collection, which could interfere with specific antibody detection.
On the other hand, analysis of the absorbance values obtained in this study indicates that the specificity of the urine EIA could be improved by simply increasing the cutoff value (Fig. 1) . In our study, a shift of the cutoff RI from 1.0, as proposed by the manufacturer, to 1.5 would increase the specificity of the test from 97.9 to 99.3% (282 of 284 samples) without affecting its sensitivity. This could be achieved, for instance, by using a higher conjugate dilution. However, a number of samples larger than that of the present study would be necessary to confirm these interesting results.
Taking the data together, the urine EIA proved capable of correctly classifying all positive samples in three groups of patients with different prevalences of HIV infection. As for all other HIV screening tests on the market, the urine EIA is not specific enough to be used as a one-step test and therefore requires confirmation. However, the ease of sample collection and the high sensitivity of the test make it very useful for large-scale epidemiological investigations.
